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exhaust gas temperature, an exhaust gas controlling 
action is suffidentty performed and nrK>reover the pro- 
duction cost of the device can be reduced. 
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Description 
TECHNICAL FIELD 

The present invention relates an improved exhaust s 
purifying apparatus for purifying exhaust gas dis- 
charged from an internal combustion engine. 

BACKGROUND AFTT 

Various types of exhaust purifying apparatuses for 
internal combustion engines are known today, among 
which are an "exhaust purifying apparatus for an inter- 
nal combustion engine" disclosed in Japanese Patent 
Laid-open Publication No. HEI-3-8531 6 and an 
"exhaust purifying apparatus for a nwtor bicycle or the 
like" disclosed in Japanese Patent Laid^en Publica- 
tion No. HEl-4-287821. 

The exhaust purifying apparatus in the HEI-3- 
8531 6 publication is shewn in Figs. 17and 18. where an 
exhaust pipe 100 is coupled to an exhaust port of a 
small-size internal combustion engine nfKXjnted on a 
nrK>tor bicycle or ttie like, and a internal pipe 101 made 
of a porous sheet is disposed within the exhaust pipe 
100 and ectendlng along the inner surfeice of the pipe 
100, with catalyst-bearing layers 102 attached to the 
inner and outer surfaces of the porous intemal pipe 101 . 

The exhaust purifying apparatus in the HEI-4- 
287821 publication is shown in Figs. 19 to 21 . where an 
exhaust muffler (corresponding to the exhaust pipe) 110 
is coupled to an exhaust port of a small-size internal 
combustion engine mounted on a motor bfoyde or the 
like, and a catalyst pipe 1 11 is provided in the central 
region of the exhaust muffler 110 with a cataiyst4>earing 
member 1 12 received within the pipe 111. The catalyst- 
bearing member 112 comprises a honeycomb having 
catalyst materials attached thereto. 

As known in the art. in order to allow catalysts to 
perform their exhaust purifying function to a sufficient 
degree, it is generally necessary to activate tiie cata- 40 
lysts by heating them to a high temperature. But with a 
small-size internal combustion engine, it is not easy to 
increase the exfiaust gas temperature sufficiently to 
activate the catalysts, and hence some measure has to 
1^ taken to increase the catalyst temperature as hi0i as 45 
possible. To this end. one nust take into account the 
fact that ttie temperature of exfiaust gas f fowing in the 
exhaust pipe is higher in the central region (i.e.. the cen* 
tral region as viewed in cross section) of ttie pipe and 
lower in the peripheral region or near the inner mil sur- so 
face of the pipe renrxite from the central region. 

However, because the catalyst-attached internal 
pipe 101 is disposed near and along the inner wall sur- 
face of the exhaust pipe 100, ttie exhaust purifying 
apparatus shown in Figs. 17 and 18 can not easily pro- ss 
vide a sufficient purifying capability. 

On the other hand, the exfiaust purifying apparatus 
shown in Rgs. 19 to 21 can easily perform a suffcient 



purifying capability because the catalyst bearing mem- 
ber 112 is located in the central regfon of ttie exfiaust 
muffler 110 and the relatively high exhaust temperature 
can keep the catalysts hot But, the honeycomb catalyst 
bearing member 1 12 in the apparatus in Figs. 19 to 21 
tends to cause a greater loss in the exfiaust gas pres- 
sure than the porous internal pipe 101 in the apparatus 
of Rgs. 1 7 arxj 1 8. An even greater pressure loss woukf 
result in the central region of the muffler 110 where the 
exhaust gas flows at a higher speed. The performance 
of the internal combustiai engine would be adversely 
Influenced by ttie pressure loss to a sut)stantial degree; 
in particular, the pressure loss couU be a significant 
adverse factor for low-power internal comtxjstion 
engines such as those of motor cycles. Further, the 
arrangement that tfie honeycomb catalyst member 112 
is received In the catalyst pipe 111 wouU require a con- 
siderat)le manufacturing cost as conrpared to the 
arrangement tfiat the catalyst-attached internal pipe 
101 is just received in the exfiaust pipe 100. 

DISCLOSURE OF THE INVENTION 

It is therefore an object of the present invention to 
provkJe an exhaust purifying devfoe for an internal com- 
bustion engine which achieves a sufficient purifying 
function while minimizing an adverse effect on the per- 
formance of the engine and yet can be manufactured at 
low cost. 

The present invention provkies an exfiaust purifying 
device for an intemal combustion engine which is char- 
acterized in that a steel sheet member having inner arxf 
outer catalytic-metal-l)earing surfaces is disposed sub- 
stantially in the central region of an exhaust port extend- 
ing from an exhaust port of the internal combustion 
engine. Thus, ttie catalytic metal is placed in the region 
of the exfiaust pipe where the temperature of the 
exhaust gas from the engine is relatively high. The high- 
temperature exhaust gas effectively activates the cata- 
lytic metal on the steel sheet member to ttiereby allow 
the catalytic metal to perform its exhaust purifying func- 
tion to a sufficient degree. The steel sheet member is 
preferat)ly in the form of a hollow cylinder extending in 
the axial direction of the exhaust port so ttiat a pressure 
loss in the exhaust gas f bwing through the steel sheet 
member can be reduced. Preferably, the cylinder is 
made of a porous steel sheet and closed at its upstream 
end. In ttiis case, the exhaust gas is directed to pass 
ttirough small openings formed ttirough the wail thick- 
ness of the cylinder, during which time ttie exhaust gas 
contacts ttie catalytic metal on the inner and outer cata- 
lytic-metal-bearing surfaces. Thus, the exfiaust is acted 
on by the catalytic metal in a greater area of the sur- 
faces and accordingly can provkie an enhanced 
exhaust purifying capability. 

According to another aspect of the present inven- 
tion, a holfow cylinder is provided and supported sub- 
stantially in the central region of the exhaust pipe, and 
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the hollow cylinder is made of a steel sheet having inner 
arxJ outer catalyttc-metal-bearing surfaces. Alsa a par- 
tition plate is provided within the exhaust pipe to block 
passage of the exhaust gas between the cylinder and 
the exhaust pipe. The partition plate functions to sup- 
press the pulsating motion of the exhaust gas caused by 
the engine, so as to provide a generally snrxxith steady 
flow of the exhaust gas. Owing to the provision of such 
a partition plate, the purifying capability of the exhaust 
purifying apparatus does not significantiy vary and 
hence can be enhanced effectively Further, because 
the steel cylinder is supported via the partition plate 
suppressing the pulsating motion of tiie exhaust gas, no 
separate support is required. 

The steel cylinder is nrxxjnted in such a manner tfiat 
the cylinder is free to axially expand or contract relative 
to the exhaust pipe, and this feature advantageously 
accommodates a difference in anK)unts of axial thermal 
expansion between the steel cylinder and exhaust pipe. 

According to another aspect of the present inven- 
tion, a first catalytic-metal-bearing member is provided 
within the exhaust pipe along an Inner wall surface of 
said pipe and a second catalytic-metal-t>earing member 
is provided sut>stantially in the central region of the first 
catalytic-metal-bearing member. Because the cataiytic- 
metal-bearing memt>ers are provided near the inner 
wall surface of and in the central region of the exhaust 
pipe, the exhaust purifying function can be furtiier 
enhanced without adversely affecting the performance 
of tiie internal combustion engine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side elevational view showing a nfx>tor 
cyde on which is nrK>unted an exhaust purifying 
apparatus for an internal comkxjstion engine 
according to a first embodiment of the present 
invention, 

Fig. 2 is a side view showing an embodiment of an 
exhaust pipe employed in the apparatus of Fig. 1 
and constructed in accordance with the present 
invention. 

Fig. 3 is a sectional view taken along the line A - A 
of Fig. 2, showing an upstream exhaust purifier 
shown in Rg. 2, 

Fig. 4 is a sectional view taken along the line B - B 
of Rg. 3. 

Fig. 5 is a perspective view showing an emtxxJi- 
ment of a downstream exhaust purifier shown in 
Fig. 2. 

Fig. 6 is a sectional view taken atong the line C - C 
of Rg. 2, 

Fig. 7 is a sectional view taken along the line D - D 
of Rg. 6, 

Fig. 8 is a sectional view taken along the line E - E 
of Rg. 6, 

Figs. 9A to 9E are views showing how a second cat- 
alytic-metal-bearing menft>er of the downstream 



exhaust purifier of Rg. 5 is assembled. 
Rgs. 10A to 10D are views showing modifKations 
of the second catalytic-metal-bearing member. 
Rgs. 11 A to 11 H are views showing modifications 
5 of a support structure for the second catalytic- 
metal-t>earing member, 

Rg. 12 is a perspective view showing another 
embodiment of the downstream exhau^ purifier, 
Rg. 13 is a sectional view taken along the line F - F 
10 ofRg. 12. 

Rg. 14 is a view showing a modification of tiie 
downstream exhaust purifier of Rg. 12. 
Rg. 1 5 is a sectional view taken along the line G - G 
of Rg. 14, 

75 Rgs. 16A to 16E are views showing still another 
embodiment of the exhaust purifier apparatus. 
Rg. 17 is a cross-sectional view of an exhaust pipe 
in a prior art exfiaust purifying apparatus. 
Rg. 18 is a side view, partiy in vertical section, of 

20 the exhaust pipe of Rg. 1 7. 

Rg. 19 is a plan view of an exhaust muffler in 
another prior art exhaust purifying apparatus, 
Rg. 20 is a perspective view, partiy in vertical sec- 
tion, of the exhaust purifying apparatus of Fig. 19, 

25 and 

Rg. 21 is a vertical sectional view of a catalyst pipe 
and peripheral components in the exhaust purifying 
apparatus of Rg. 19. 

30 BEST MODE FOR CARRYING OUT THE IfWEfslTION 

Rg. 1 is a skie elevational view showing a motor 
cycle 1 on which is mounted an exhaust purifying appa- 
ratus for an internal comtxjstion engine according to a 

3S first embodiment of the present invention. As shown, the 
motor cycle 1 includes a two-cycle internal combustion 
engine 3 provided near the central part of a vehk^le body 
2, and an exhaust pipe 5 connected to an exhaust port 
4 of the engine 3. The rear end portion of the exhaust 

40 pipe 5 is coupled to a muffler 6. 

Rg. 2 shows details of the exhaust pipe 5, which is 
formed of a thin steel sheet and has a circular sectional 
shape. The exhaust pipe 5 having an upstream end por- 
tion 5a connected by flange coupling to tiie engine 

45 exhaust port 4 of Fig. 1 and having a downstream end 
portion 5b connected by flange coupling to the muffler 6 
of Fig. 1 (the words "upstream" and "downstream" are 
used herein in terms of the flow of exhaust gas from the 
engine exhaust port 4). Upstream arxd downstream 

50 exhaust purifiers 10 and 20 are provided within the 
exhaust pipe 5; in other words, the former is a front- 
stage exhaust purifier and the latter is a rear-stage 
exhaust purifier. The portion of the exhaust pipe 5 in 
which the downstream exhaust purifier 20 is disposed is 

55 greater in (fiameter than the other portions of the pq3e 5. 
Rg. 3 shows a detailed structure of tiie upstream 
exhaust purifier 10 in a sectional view taken along the 
line A - A of Rg. 2. The upstream exhaust purifier 10 
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includes an interna! pipe 11 having numerous small 
openings 1 1 c formed through the wall tfvckness thereof, 
which is disposed within the exhaust pipe 5 and in the 
form of a hollow cylinder made of a thin, porous steel 
sheet and extending along the inner wall surface'of the 5 
exhaust pipe 5. The internal pipe 11 has one or 
upstream end portion 1 la fixed by welding to the inner 
wall surface of the exhaust pipe 5 and the other or 
downstream end portion 11b supported by a support 
memt)er 1 3 in such a manner that the downstream end 10 
portion 1 lb is free to axially move (expand or contract) 
relative to the exhaust pipe 5 so as to acoomnnxiate a 
difference in amounts of axial thermal expansion 
between the two pipes 5 and 11. 

The inner wall surfece of the internal pipe 1 1 has a is 
layer of catalytic metal, such as platinum or rhodium, 
which is formed by. for exanrple, applying a solution of 
the catalytic metal onto the surface. A clearance 5c is 
formed between the intermediate portion of the exhaust 
pipe 5 and the intemal pipe 11. 20 

As shown in Rg. 4. the exhaust pipe 5 comprises a 
pair of upper and lower hollaw cylinder halves each hav- 
ing a semicircular sectional shape, which are welded 
together into a hollow cylinder with the internal pipe 1 1 
received therein. 2S 

The support member 13 comprises a corrugated 
sheet that is wound around the outer periphery of the 
intemal pipe 11 with its parallel ridges and grooves 
extending in the axial direction of the exhaust pipe 5 
(i.e., the ridges and grooves alternating along the 30 
periphery of the pipe 11). Overlapping surfaces of the 
thus-wound conrugated sheet are secured together by 
spot-welding. By means of such a corrugated structure, 
the support member 13 can resilientiy deform relative to 
the internal pipe 11 in the radial direction thereof to 3s 
allow tiie downstream erxJ portion 1 la of the internal 
pipe 1 1 to axially slide along the support menr^^er 12. to 
thereby accomnxxlate a difference in amounts of axial 
thermal expansion between the exhaust pipe 5 and 
internal pipe 1 1 due to tiie tenrperature of the exhaust 40 
gas. Note that the above-mentioned corrugated sheet is 
just illustrative and the support member 13 may be 
implemented in any other suitak>le manner, such as by a 
stainless steel wire knitted into a ring disposed around 
the outer periphery of the internal pipe 11. 45 

Protecting men[t>ers 14 are In the form of a pair of 
hollow cylinder halves (each having a substantially sem- 
tdrcutar sectional shape) are tx>lted to rujts 15 welded 
to the outer periphery of the exhaust pipe 5. so as to 
together form a substantially cylindrical cover for the so 
exhaust pipe 5 that are heated by the exhaust gas flow- 
ing therethrough. 

Rg. 5 shows tiie downstream exhaust purifier 20 of 
Rg. 2, which includes a first catalytic-metal-bearing 
member 1 8 provided within the exhaust pipe 5 near the 55 
inner wall surface of the pipe 5. The first catalytic-metal- 
bearing member 18 comprises a pair of hollow cylinder 
halves 21 each having a semicircular sectional shape 



so as to together form a hollow cylinder within tiie 
echaust pipe 5 as shown in Fig. 5. A second catalytic- 
metal-t)earing member 22. which is in the form of a 
straight hollow cylinder smaller in diameter than the first 
catalytic-metal-bearing member 18. is provided sul>- 
stantially in a central region (i.e., central region as 
viewed in cross section) of tiie bearing member (and 
hence sut>stantially in a central region of tiie exhaust 
pipe 5). It can be said tiiat the exhaust pipe 5 and first 
and second catalytic-metal-bearing members 1 8 and 22 
are mounted concentrically. The first and second cata- 
lytic-metal-bearing members 18 and 22 both extend in 
the axial direction of the exhaust pipe 5. 

Each of the first and second catalytic-metal-bearing 
members 18 and 22 is made of a thin, porous steel 
sheet to have numerous small openings 21a. 22c 
formed through the wall tHckness thereof. A layer of cat- 
alytic metal, such as platinum or rhodium, is formed on 
the wall surfaces of the first and second catalytic-metal- 
t>earing members 18 and 22 by. for example, applying a 
solution of the catalytic metal onto the surfaces. A clear- 
ance Is formed between the exhaust pipe 5 and the hol- 
low cylinder halves 21 of the first catalytic-metal-bearing 
member 18. 

As shown in Rg. 6. a support structure 23 is pro- 
vided, at one or upstream end portion (left end portion 
in tiie figure) 22a of the second catalytic-metal-k>earing 
member 22, to support the end portion 22a in such a 
manner that the end portion 22a is free to axially move 
(expand or contract) relative to the exhaust pipe 5. The 
support structure 23 includes a cushion menrter 24 
wound around the upstream end portion 22a of the sec- 
ond catalytic-metal-bearing member 22. an annular 
holder 25 receiving and holding the cushfon memt>er 24 
in place, and a bracket 26 tfiat secures the annular 
holder 25 with the cushion member 24 to the exhaust 
pipe 5. Because of the cushion member 24. the support 
structure 23 accommodates a difference in amounts of 
axial thermal expansion between the extiaust pipe 5 
and the second catalytic-metal-bearing member 22 by 
allowing the upstream end portion 22a to axially nrxsve 
relative to tiie exhaust pipe 5. Further, a cap 28 is pro- 
vided within the second catalytic-me1al-t>earing mem- 
ber 22 to dose the upstream end portion 22a of the 
member 22. 

A partition plate 27 is prpvkJed, at the downstream 
end portion (right end portion in the figure) of the sec- 
ond catalytic-metal-bearing member 22. to support that 
erxi and block passage of the exhaust gas t^etween the 
second catalytic-metal-bearing meni>er 22 and the 
exhaust pipe 5. The partition plate 27. which is a dish- 
shaped end plate made of a thin steel plate, has a 
flange along the entire outer periphery thereof and is 
fixed in place by the flange being plug-wekJed to the 
inner wall surface of the exhaust pipe 5. The other or 
downstream end portion 22b is threaded through a cen- 
tral through-hole 27b and fixed by welding to the* entire 
edge of tiie plate 27 defining the ttirough-hole 27b. 
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As shown in Rg. 7 which is a sectional view taken 
along the line D - D of Fig. 6, the cushion member 24 
comprises a corrugated sheet that is wound around the 
outer periphery of the second catatytic-metal4:>earing 
memt)er 22 with its parallel ridges and grooves extend- 5 
Ing in the axial direction of the exhaust pipe 5 (ue., the 
ridges and grooves alternating along the outer periph* 
ery of the member 24). Ihe thus-wound corrugated 
sheet is fixed around the secorxi catalytic-metal-bearing 
memt^er 22 by spot-welding its overiapping surfaces. 10 
Owing to such a corrugated structure, the cushion 
member 24 can resilientiy deform relative to tiie mem- 
ber 22 in the radial direction thereof, so as to accommo- 
date a difference in amounts of axial thermal expansion 
between ttie exhaust pipe 5 and second catalytic-metal- is 
bearing member 22. 

As shown in Rg. 8 which is a sectional view taken 
along the line E - E of Rg. 6. each of the hollow cylinder 
halves 21 of tiie first catalytic-metal-bearing member 18 
is spot-welded at its opposite edges to the inner wall 20 
surface of the exhaust pipe 5. 

The following paragraphs desait>e how the atxsve- 
mentioned second catalytic-metal-bearing member 22 
is assembled, with reference to Rgs. 6 and 9A - 9E. 

First, the cap 28 is fit into the upstream end portion 25 
22a of the second catalytic-metal-bearing merTt)er 22 
as shown in Rg. 9A, and the outer peripheral edge of 
the cap 28 and the inner wall surface of the member 22 
are fixed togetiier by spot weMing in order to dose the 
upstream end portion 22a as shewn in Rg. 9B. TTien. as 30 
shown in Rg. 9C, tiie downstream end portion 22b of 
the second catalytic-metal-bearing member 22 is 
threaded through the central tiirough-hole 27b of the 
partition plate 27 and welded to tiie edge defining the 
hole 27b. 35 

After that the annular hokJer 25 receiving the cush- 
ion member 25 (Fig. 6) is ttireaded on the upsb^eam end 
portion 22a of the second catalytic-metal-bearing mem- 
ber 22 as shown in Fig. 9D, and the second catalytic- 
metal-bearing member 22 is assembled into a predeter- 40 
mined condition as shown in Rg. 9E. TTte second cata- 
lytic-metal-bearing ment>er 22 assembled as shown in 
Rg. 9E is then positioned in tiie lower half of tiie exhaust 
pipe 5 as shown in Rg. 6, and a part of tiie outer surface 
of the annular hokJer 25 is weMed to the bracket 26 pre- 45 
viously fixed to the exhaust pipe 5. Rnally. the upper 
hollow cylinder half of the exhaust pipe 5 is placed edge 
to edge on the lower holk>w cylinder half, then the upper 
and lower hollow cylinder halves are weUed together, 
and ttien the flange 27a of tiie partition plate 27 is plug- so 
welded to the inner wall surfece of the exhaust pipe 5. 
This corrpietes the required assembly of tiie second 
catalytic-metal-bearing member 22. 

Next witti reference to Rgs. 2 and 6. a description 
will be given as to how the upstream and downstream 55 
exhaust purifiers 1 0 and 20 behave. 

As shown in Rg. 2, tiie exhaust gas from the inter- 
nal combustion engine is introduced into the exhaust 



pipe 5 via its upstream end portion 5a As tiie intro- 
duced exhaust gas passes through the upstream 
exhaust purifier 10. the exhaust gas contacts tiie cata- 
lytic metal layers on the inner and outer surfaces of the 
internal pipe 11 and is effectively purified through its 
chemical reaction with the catalytic metal. The exhaust 
gas thus purified by the upstream exhaust purifier 10 is 
tiien directed toward tiie downstream exhaust purifier 
20. 

As shown in Rg. 6, the exhaust gas initially purified 
by the upstream exhaust purifier 10 is prevented from 
flowing into tiie second catalytic-metal-bearing member 
22 through its upstream end portion 22a because the 
end portion 22a is closed by tiie cap 28. 

A portion of ttie exhaust pipe 5 in which the down- 
stream exhaust purifier 20 is disposed is greater in 
diameter than the other portions of the pipe 5 as noted 
earlier, and tiiis greater-diameter portion is partitioned 
off by the partition plate 27 so that an expanding cham- 
ber 29 is formed in the greater-diameter portion 
upstream of the plate 27. The expanding chamber 29 
functions to suppress ttie pulsating motion of ttie 
exhaust gas caused by the engine 3. so as to provide a 
generally smooth steady flow of ttie exhaust gas. This 
allows the exhaust gas to flow as indicated by t)lack 
arrows, and a portion of tiie exhaust gas f fowing near 
and along the inner wall surface of the exhaust pipe 5 
comes into contact with the catalytic metal layers on the 
inner and outer surfaces of the first catalytic-metal-bear- 
ing member 18 to be purified through its chemical reac- 
tion witti the catalytic metal. 

In the meantime, another portion of the exhaust gas 
flows into the second catalytic-metal-t>earing mevnher 
22 via the numerous small openings 22c, fkws through 
the member 22 and then is discharged through the 
downstream end portion of the exhaust pipe 5 into the 
atmosphere. As the exhaust gas flows in the second 
catalytic-metal-bearing member 22, it comes into con- 
tact with the catalytic metal layer surfaces on the mem- 
ber 22 to be purified through its chemical reaction witti 
the catalytic metal. 

When passing through the numerous small open- 
ings 22c formed in the second catalytic-metal-bearing 
member 22. the exhaust gas contacts the catalytic 
metal layers on the outer and inner wall surfaces of the 
member 22. Therefore, tiie exhaust gas can contact a 
great area of ttie catalytic metal layers, and thus ttie cat- 
alytic metal can perform its exfiaust purifying function to 
a sufficient degree. 

As previously cfiscussed in relation to the prior art 
apparatuses, it is necessary to activate the catalyst 
metal by heating in order to allow the catalyst metal to 
perform its exhaust purifying function to a sufficient 
degree, and the tenrperature of the exhaust gas flowing 
in the exhaust pipe is higher in the central region of the 
pipe and lower near the inner wall surface of the pipe. 
According to the embodiment of ttie present invention, 
even a relatively hot portion of the exhaust gas flowing 
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in the central region of the exhaust pipe 5 is caused to 
flow in the dcwnstream exhaust purifi^ 20 in contact 
with the catalytic metal layer, the catalytic metal can be 
sufficiently activated by being heated by the high-tem- 
perature exhaust gas and thus perform its exhaust puri- 5 
tying function to a sufficient degree. In addition, the 
seopnd catalytic-metal-bearing member 22. in the form 
of a hollow cylinder having a porous wall, effectively 
reduces a pressure loss of the exhaust gas flowing 
through the member 22, so that the engine performance 10 
will not be significantly influenced by the pressure loss. 

In the above-mentioned manner, the exhaust gas 
from the internal contxjstion engine 3 can be purified 
efficiently by contacting the catalytic metal layers on the 
first and second catalytic-metal-bearing menri>er8 18 75 
and 22. Besides, because the exhaust gas is allowed to 
flow in a generally smooth steady current, the purifying - 
capability of the downstream exhaust purifier 20 does 
not significantly vary, which would result in uniform and 
efficient exhaust purification. 20 

Due to heat of the reaction, the second catalytic- 
metal-bearing mennber 22 t>ecomes much hotter than 
the exhaust pipe 5. While the downstream end portion 
22b is fixed to the exfiaust pipe 5 via the partition plate 

27, tfie upstream end portion 22a is movably nraunted 2s 
via the support structure 23 on the fixed bracket 26 of 
the exhaust pipe 5. Thus, when a difference in amounts 

of axial thermal expansion occurs between the exhaust 
pipe 5 and the member 22, the upstream erxl-portion 
22a is allowed to move relative to the bracket 26, in the 30 
upstream direction as indicated by a white arrow, to 
thereby accommodate the difference in axial expansion. 
Specifically, the difference in axial expansion between 
the exhaust pipe 5 and the second catalytic-metal-bear- 
ing memt>er 22 is accommodated by the resilient defor- 3s 
mation of the cushion member 24. 

The second catalytic-metal-t>earlng member 22 
has been desatbed atxsve as being dosed at the 
upstream end portion 22a by the straight vertical cap 

28. but the closing structure of the upstream end portion 40 
22a may be nxxjified in various ways as shown in Figs. 
lOAtolOD. 

In the modification of Fig. 10A, the upstream end 
portion 22a of the second catalytic-metal-bearing menv 
ber 22 is dosed by a porous cap 31 that projects 45 
upstream in a dome-like shape. The cap 31 may be 
made by pressing a porous sheet material. In Rg. 10B. 
another modified cap 32 is formed by squeezing or 
pressing the upstream end portion 22a flat 

In Fig. 10C. a nKXj'rfied cap 33 comprises a plurality so 
of porous blades that are attached spirally (i.e., in the 
shape of a pinwheel) to the upstream end portion 22a of 
the second catalytic-metal-bearing member 22. This 
spiral cap 33 functions to increase the flowing resist- 
ance of the exhaust gas. Rnally, in the modification of ss 
Rg. 100, the upstream end portion 22a of the second 
catalytic-metal-be£uing member 22 is dosed by a cap 
34 made of a flat porous plata In stead of providing the 



flat porous cap 34, the upstream end portion 22a m^ 
itself be fokJed toward Its center along the entire periph- 
eral edge thereof to form an integral cap. 

Each of the caps 31 . 32, 33 and 34 functions in tiie 
same way as in the above-descnl>ed first embodiment, 
and additionally, the pressure loss resulting from the 
provision of ttie cap is substantially reduced as com- 
pared to tiie first embocfiment by virtue of Its porous 
nature. 

While the second catalytic-metal-bearing member 
22 has been desaibed aixTve being sig^ported at one 
end portion supported movak3ly relative to tiie exhaust 
pipe 5 and fixed at the other end portion to the exhaust 
pipe 5, the mounting mechanism of the member 22 may 
be rTKxJified In various ways as shown in Rgs. 1 1 A to 
11H. In each of ttiese figures, tiie exhaust gas fk3ws 
rightward as indicated by t>lack arrows and the one or 
upstream end portion 22a of the second catalytic-metal- 
bearing member 22 is allowed to wove leftward as indi- 
cated by a white arrow. 

In the modification of Fig. 11 A, the upstream end 
portion 22a projects upstream beyond the support 
structure 23 and is dosed by a flat cap 28. In the modi- 
fication of Fig. 118, the upstream end of the support 
structure 23 Is closed by a cap 36. Between the 
upstream end portion 22a and the cap 36, there is pro- 
vided a dearance S-i having an axial length greater than 
an expected maxintjm amount of axial thermal expan- 
sion of the second catalytic-metal-bearing member 22. 
In this case, no cap separate from the cap 36 needs to 
be attached to the upstream end portion 22a of the cat- 
alytic-metal-bearlng member 22. In the nxxiification of 
Fig. 1 1 C. the annular holder member 25 of the support 
structure 23 is greater in axial lengtii tiian the bracket 26 
and projects upstream beyond the t)racket 26. 

Further, in Rg. 1 1D. the catalytic-metal-bearing 
member 22 is supported only at the downstream end 
portion 22b by a supporting structure 37 in a so-called 
"cantilever" fashion. The support structure 37 indudes a 
cushion member 38 that supports the downstream end 
portk>n 22b in such a manner that the end portion 22a is 
free to axially move (expand and contract) relative to tiie 
exhaust pipe 5, a holder memt)er 39 receiving and hold- 
ing the cushion member 38. and a partition plate 27 fix- 
ing the holder member 39 to the exhaust F^pe 5. A 
dearance S2 is provided between the downstream end 
portk>n 22b and a flange 39a of the hokler member 39 
so that movement of the downstream end portion 22b 
relative to the exhaust pipe 5 is limited within the bound 
of the dearance S2. In the modification of Rg. 11 E, 
cuslikNi and holder members 38 and 39 are smaller in 
axial lengtii than those of Rg. 1 1 D. 

In the modification of Fig, 11F, the catalytic-metal- 
bearing member 22 is fixed at the upstream end portion 
22a to tiie exiiaust pipe 5 via a bracket 41 and sup- 
ported at the downstream end 22b via a support struc- 
ture 42 for axial movement relative to the exhaust p>ipe 
5. The support structure 42 indudes a cushion member 



6 



11 



EP0a31 211 A1 



12 



43 that supports the downstream end portion 22b in 
such a manner that the end portion 22b is free to axialty 
nruTve (expand or contract) relative to the exhaust pipe 5, 
a holder member 44 receiving and holding the cushion 
memt>er 43 in place, and a partition plate 27 fixing the 5 
holder memk}er 44 to the exhaust pipe 5. The down- 
stream end portion 22b projects downstream beyond 
the sipport structure 42. 

Furtiier. the modification of Rg. 11G is similar to 
that of Fig. 1 1 F. except tiiat the upstream end portion 10 
22a is closed by a cap 45 having a locking projection to 
engage or disengage the end portion by a user's snap 
action. The modification of Rg. 11 H employs a pair of 
front and rear cushion meiTt>ers 48 dfferent from the 
above-mentioned cushion members 24. 38. 43, each of is 
which comprises a stainless steel wire knitted into a ring 
around the outer periphery of the downstream end por- 
tion 22b. Support sti^ucture 46 includes a seat 47 wound 
around the downstream end portion 22b, the front and 
rear cushion members 48 disposed upstream and 20 
downstream of tiie seat 47, respectively, for supporting 
the downstream end portion 22b in such a manner that 
the end portion 22b is axially movable relative to the 
exhaust pipe 5, a hokJer member 49 receiving and hold- 
ing the cushion members 48. and a partition plate 27 fix- 25 
Ing the holder member 49 to tiie exhaust pipe 5. 

The following paragraphs descrbe a second 
embodiment of the downstream exfiaust purifier with 
reference to Rgs. 12 and 13. 

In the downstream exhaust purifier 50 of Rg. 12, a 30 
first catalyttc-metal-bearing member 51 is provided near 
and along the inner wall surface of the exhaust pipe, 
and a second catalytic-metal-bearing member 52 is pro- 
vided substantially in a central region within the first cat- 
alytic-metal-bearing member 51 (and hence In a central 3S 
region of the exhaust pipe 5). The first and second cat- 
alytic-metal-bearing memt>er8 51 and 52 extend in the 
axial directbn of the exhaust pipe 5. 

The first catalytic-metal-bearing member 51 is a 
hollow cylinder tfiat is made of a porous steel sheet 40 
(having numerous small openings 51c formed through 
the wall thickness thereof) and has outwardly-widening 
conical portions 51a at the axially opposite ends 
thereof, and at least one of the conical portions 51a is 
fixed by welding to the Inner wall surface of the exhaust 45 
pipe 5. The second catalytic-metal-bearing member 52 
Is a flat porous steel sheet (having numerous small 
openings 52c formed ttirough tiie wall thickness 
thereof) and welded at at least one of its longitudinal 
edges to the inner wall surface of the first catalytic- so 
metal-bearing member 51. On the wall surfaces of the 
first and second catalytic-metal-bearing members 51 
and 52. a layer of catalytic metal, such as platinum or 
rhodium, is formed by, for example, applying a solution 
of the catalytic metal onto the surfaces. Rg. 13 is a sec- ss 
tional view taken along the line F - F of Rg. 1 2. showing 
the flat second catalytic-metal-bearing member 52 in an 
upright position within the first calalytic-metal-bearing 



member 51. 

The following paragraphs describe how the down- 
stream exhaust purifier 50 of Rg. 12 operates, with ref- 
erence to Rg. 12. 

The exhaust gas from the internal combustion 
engine flows as denoted by arrows. More specifically, a 
portion of the exhaust gas flowing near and along tiie 
inner wall surface of tiie exhaust pipe 5 is caused to 
pass through the numerous small openings 51c formed 
in tiie wall of the catalytic-metal-bearing member 51, 
and another portion of the exhaust gas f k>wing in a gen- 
erally central region of the exhaust pipe 5 is caused to 
pass through the numerous small openings 52a formed 
in the second second catalytk:-metal-bearing member 
52. Thus, the exhaust gas contacts the catalytic metal 
layers on tiie inner and outer surfaces of tiie first and 
second catalytic-metal-k}earing merTt>ers 51 and 52 and 
is effectively purified through its chemtoal reaction with 
the catalytic metal. 

When passing through the numerous small open- 
ings 52a formed in the second catalytic-metal-bearing 
member 52. tiie exhaust gas contacts the catalytic 
metal layers on the outer and inner wall surfaces of the 
member 52. Therefore, ttie exhaust gas is brought into 
contact with a great area of the catalytk; metal layers, 
and the catalytic metal can perlorm its exhaust purifying 
function to a sufficient degree. 

Further, because the second catalytic-metal-fc>ear- 
ing member 52 contacts the relatively hot portion of the 
exhaust gas flowing though the central region in tiie 
exhaust pipe 5, the catalytic metal can be heated to be 
suffidentiy activated and therefore can perform its 
exhaust purifying function to a sufficient degree. In addi- 
tion, because the second catalytk:-metal-bearing mem- 
ber 52 Is just In the form of a flat plate, a pressure loss 
of the exhaust gas flowing in the menft)er 52 can be 
reduced even further than in the atxsve-desabed first 
embodiment of the downstream exhaust purifier. 

The downsti'eam exhaust purifier 50 of Rg. 12 may 
be nriodified in such a manner as shown in Rgs. 14 and 
15. Namely, in the modification, the first catalytic-metal- 
bearing member 51 is in the form of a hollow cylinder 
having a generally C-shape in section with a part (bot- 
tom part in the example of Fig. 14) cut away along the 
entire lengtti thereof. As shown in Rg. 15. the first cata- 
lytic-metal-bearing member 51 in the form of the partiy- 
cut-away hollow cylinder has a pair of flanges 51b inte- 
grally formed witti tiie opposed longitudinal edges. 
whk;h are in contact with the inner wall surface of the 
exhaust pipe 5. In this example, one ton^tudlnal edge 
portion extends, through the opening between the 
opposed longitudinal edges of tiie second catalytic- 
metal-bearing member 52. into contact with the wall sur- 
face of tiie exhaust pipe 5. 

Rgs. ISA to 16E schematically shows several other 
embodiments of the exhaust purifying apparatus. 

The exhaust purifying apparatus 61 shown in Rg. 
16A. which comprises a pair of upstream (front-stage) 
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and downstream (rear-stage) exhaust purifiers dis- 
posed within an exhaust pipe 5, is characterized by the 
prcviston of a control valve (e.g., butterfly valve) 62 
t>etween the upstream and downstream exhaust purifi- 
ers. The upstream exhaust purifier is constructed In the 5 
same manner as the upstream exhaust purifier 10 of 
Fig. 3, and the downstream exhaust purifier is con- 
structed in the same rrYanner as the downstream 
exhaust purifier 50 of Fig. 12. 

TTie exhaust purifying apparatus 63 sfK>wn in Fig. 10 
16B comprises three exhaust purifiers disposed in suc- 
cession within an extiaust p^e 5. The upstream (front- 
stage) exfiaust purifier is constructed in the same man- 
ner as the upstream exhaust purifier 10 of Fig. 3, the 
central (intermediate-stage) exhaust purifier is con- is 
structed in the same manner as the downstream 
exhaust purifier 50 of Rg. 12, and the downstream 
(rear-stage) exhaust purifier is an exhaust discharging 
conduit 64 partly extending out of the exhaust pipe 5. 
The exhaust discharging conduit 64 is made of a porous 20 
steel sheet, and a layer of catalytic metal, such as plati- 
num or rfiodium. is formed on the inner and outer wall 
surfaces of the conduit 64 by, for example, applying a 
solution of the catalytic metal onto the surfaces. 

The exhaust purifying apparatus 65 shown in Fig. 25 
16C comprises a catalytic-metal-t>earing member 66 
that is disposed in a central region and extends in the 
axial direction of an exhaust pipe 5. The catalytic-metal- 
bearing member 66 is made of a flat, porous steel 
sheet.and a layer of catalytic metal, such as platinum or 30 
rhodium, is formed on the opposite wall surfaces of the 
member 66 by. for example, applying a solution of the 
catalytic metal onto the surfeces. The exhaust purifying 
apparatus 67 shown in Fig. 16D is a modification of the 
exhaust purifying apparatus 65 of Rg. 16C, which is 3s 
characterized in that the catalytic-metal4>earing mem- 
ber 66 is made of a corrugated porous steel sheet rather 
than the flat, porous steel sheet of Rg. 16C. 

The exhaust purifying apparatus 68 shown In Rg. 
16E comprises a catalytic-metal-bearing m&rrber 69 in 40 
the form of a hollow semicylinder, which extends in the 
axial direction of an extiaust pipe 5 and is closed at 
opposite ends. The semicylindrical catalytic-metal -bear- 
ing memt}er 69 has a hollow space 69a. opening toward 
the inner wall surface of the exhaust pipe 5, k)etween the 4s 
opposed longitudinal edges thereof. The catalytic- 
metal-t>earing member 69 is made of a porous steel 
sheet, and a layer of catalytic metal, such as platinum or 
rhodium, is formed on the inner and outer wall surfaces 
of tiie menfter 69 by. for example, applying a solution of so 
tfte catalytic metal onto the surfaces. 

Note that any of the catalytic-metal-bearing mem- 
bers 66 and 69 shown in Rgs. 16C, 16D and 16E may 
be employed in the plural-stage extiaust purifiers of 
Rgs. 1 6A and 1 6B provided within the exhaust pipe 5. ss 

In tiie atxjve-described first. secorxJ and third 
embodiments and their modifications, the "steel sheet" 
bearing catalytic metal is disposed in the central region 



of the exhaust pipe 5 or first catalytic-metal-bearing ele- 
ment 21. 51. More specifically, in the first embodiment 
of Rgs. 1 to9and its nxxfifications of Figs. IIAto 11H, 
the "steel sheer bearing catalytic metal is embodied as 
the second catalytic-metal-bearing menft)er 22 in tiie 
form of a hollow cylinder made of a porous steel sheet; 
in the embodiment of Rgs. 12 and 13 and its modifica- 
tions of Rgs. 14 and 15. and in the examples of the 
embodiment of Rgs. 16A and 16B. the "steel sheet" 
t>earing catalytic metal is embodied as the second cata- 
lytic-metal-bearing member 52 in the form of a flat 
porous steel plate; and in the other examples of the third 
embodiment of Rgs. 16C. 16D and 16E. the "steel 
sheer bearing catalytic metal is emkxxJied as the cata- 
lytic-metal-bearing menibers 66 and 69 in the form of a 
flat or corrugated porous plate, or porous semicylinder. 

The "steel sheet" bearing catalytic metal should t>e 
understood as not being limited to the construction 
described atxTve in ration to various emtxxliments and 
nxxlif ications and also as not being limited to the porous 
sheet Also, the small openings in the porous sheet or 
plate may t>e of any desired shape, size and quantity. 

INDUSTRIAL APPLICABILITY 

As has been described so far. the exhaust purifying 
device for an internal combustion engine according to 
the present invention is characterized in tiiat a steel 
sheet menri}er having inner and outer catalytic-metal- 
bearing surfaces is disposed substantially in the central 
of an extiaust port extending from an exhaust port of the 
internal combustion engine. Thus, tiie catalytic metal is 
placed in the central region of the extiaust pipe where 
the temperature of the extiaust gas from the engine 
remains relatively high. The high-temperature extiaust 
gas effectively activates the catalytic metal on the steel 
sheet member, and this achieves the benefit that a suf- 
ficient exhaust purifying function of the catalytic metal 
can be acquired at low cost. 

In one implementation, the steel sheet member is in 
the form of a hollow cylinder extending in the axial direc- 
tion of the exhaust port, so that a pressure loss in the 
exhaust flowing through the steel sheet member can be 
reduced significantly to avoid adverse effects on the 
perlbrmance of the internal combustion engine. 

Further, the cylinder is made of a porous steel 
sheet and closed at its upstream end. In this case, the 
exhaust gas is directed to pass through small openings 
formed through the wall thickness of the cylinder, during 
which time the exhaust gas contacts the catalytic metal 
on the inner and outer catalytic-metal-bearing surfaces. 
Thus, the extiaust is acted on by the catalytic metal in a 
greater area Of the catalytic-metal-bearing surbces 
and hence can provide an further enhanced exhaust 
purifying capability 

In another implementation, a hollow cylinder is pro- 
vided and supported substantially in the central region 
of the exhaust pipe substantially along a center axis of 
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said pipe, and the hollow cylinder is made of a steel 
sheet having inner and outer calalytic-metal-bearing 
surfaces. Also, a partition plate is provided within the 
exhaust pipe to block passage of the exhaust gas 
between the cylinder and the exhaust pipe. Thus, the 5 
catalytic metal is placed in the central region of the 
exhaust pipe where the temperature of the exhaust gas 
from the engine remains relatively high, so that the high- 
temperature exhaust gas effectively activates the cata- 
lytic metal on the steel sheet member. This achieves the 70 
benefit that a sufficient exhaust purifying function of the 
catalytic metal can be acquired at low cost In addition, 
the partition plate functions to restrict the pulsating 
motion of the exhaust gas caused by the engine, so as 
to provide a generally smooth steady flow of the exhaust 75 
gas. Owing to the provision of such a partition plate, the 
purrfying capability of the exhaust purifying apparatus 
does not significantly vary and can achieve sufficient 
exhaust purification. Further, because the steel cylinder 
is supported via the partition plate restricting the pulsat- 20 
ing motion of the exhaust gas. no separate support is 
rec^ired, which simplifies the supporting mechanism for 
the cylinder 

Besides, the steel cylinder is mounted in such a 
manner that the cylinder is free to axially expand and 2s 
contract relative to the exhaust pipe, and this feature 
easily accommodates a difference in axial thermal 
expansion between the steel cylinder and exhaust pipe. 

In still another implementation, a first catalytic- 
metal-bearing member is provided within the exhaust 30 
pipe along an inner wall surface of said pipe and a sec- 
ond catalytic-metal-t>earing member is provided suk)- 
stantially in the central of the first catalytic-metal- 
bearing member. Thus, the catatytic-metal-k>earing 
members are provided near the inner wall surface of 35 
and in the central region of the exhaust pipe, and the 
exhaust purifying function can be further enhanced 
without adversely affecting the performance of the inter- 
. nal combustion engine and yet at low cost. 

40 

Claims 

1 . An exhaust purifying apparatus for an internal com- 
bustion engine (3) comprising and an exhaust pipe 

(5) extending from an exhaust port (4) of the inter- as 
nal combustion engine (3) for purifying exhaust gas 
from the engine (3), characterized in thiat a steel 
sheet member (22) bearing catalytic metal is pro- 
vided substantially in a central region of said 
exhaust pipe (5). so 

2. An exhaust purifying apparatus as claimed in claim 
1 wherein said steel sheet member (22) is a hollow 
cylinder extending in an axial direction of said 
exhaust port (5). ss 

3. An exhaust purifying apparatus as claimed in claim 
1 wherein said hollow cylinder is made of a porous 



steel sheet and closed at an upstream end thereof. 

4. An exhaust purifying apparatus for an intemal com- 
bustion engine (3) comprising an exhaust pipe (5) 
extending from an exhaust port (4) of the intemal 
combustion engine (3) for purifying exhaust gas 
from the engine (3), characterized in that a hollow 
cylinder (22) is provided and supported substan- 
tially in a central region of said exhaust pipe (5), 
said hollow cylinder (22) being made of a steel 
sheet (22) bearing catalytic metal, and that a parti- 
tion plate (27) is provided within said exhaust pipe 
(5) to block passage of the exhaust gas t>etween 
said cylinder (22) and said exhaust pipe (5). 

5. An exhaust purifying apparatus as claimed in daim 
4 wherein said said hollow cylinder (22) is mounted 
in such a manner that said cylinder (22) is free to 
expand or contract axially relative to said exfiaust 
pipe (5). 

6. An exhaust purifying apparatus for an Internal com- 
txjstion engine (3) comprising an exhaust pipe (5) 
extending from an exhaust port (4) of the internal 
combustion engine (3) for purifying echaust gas 
from the engine (3), characterized in that a first cat- 
alytic-metal-bearing member (21; 51) is provided 
substantially in a central region of said exhaust pipe 
(5) and a second catalytic-metal-bearing member 
(22; 52) is provided substantially in a central region 
of said first catalytic-metal-bearing member (21; 
51). 

7. An exhaust purifying apparatus as claimed in daim 
6 wherein said first catalytic-metal-bearing member 
(51 ) is in the form of a cylinder and said second cat- 
alytic-metal-bearing member (52) is a flat plate. 

8. An exhaust purifying apparatus as claimed in daim 
6 wherein each of said first catalytic-metal-bearing 
member (21 ; 51) and second catalytlc-metal-bear- 
ing memt>er (22; 52) has a multiplicity of openings 
(21a. 22c; 51c, 52a) formed through a wall thick- 
ness thereof. 
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